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Abstract of JP 2003244103 (A) 

PROBLEM TO BE SOLVED: To improve an error i 
rate. ; SOLUTION: A sample value of a received i? .4 . v 5 ^ 

signal from N pieces of antennas is input to 'm is I -U- ..,.1 

equalizers 21-1 to 21 -M for a first and a M-th stream f "" *g f " i*; f ~ 

relatively. In a processing of a-th (current), a m-th < 
equalizer 21 -m produces an interference element, " ' 

using the likelihood value from processed . J' 

equalizers 21-1 to 21-m-1 and the likelihood value ,,....."::,...| ..■ v.. J r ^ 

from equalizers 21 -m to 21 -M processed at (a-1 )th ;|;u! v *.!J. J3,.™.1,,.,,„.„.., • £'""T 

(previous), and impulse response, obtains a signal hi " ' f I ' I *| | 

in response to a m-th stream by a filtering process h| \ \ % \ -i# j 

based on MMSE using the above M pieces of ;M f V.V/.V: :: !; Sv^;. 

likelihood value signal and impulseless response to |l| •« f -■} )' 

a signal subtracting an interference element from fjf | v; i \'h \ 

the received signal, and calculates the likelihood jjj } 0 \ * !'•!*» «| 

value, using that, the M pieces of likelihood value | s * <v sj." v •* i | 

and the impulse response. The above is repeated. ; Hi I a: V~*J — *. I I { 
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(57) [S#5)] 

[SSI t&fJ^&gfcSF-rs. 

Il~lM^ h y-Affl^fk^2 1-1-2 1-M 
I^MtvAAL, a lag ©^Stcfc^TJSm 
9SflSS2 l-mttiE(-^a^^fc^f^2 1-1-2 1- 

m-iitijCftflt&tjta-iiiiB (frm) 

3Sfl5S2 1 -m- 2 1 -MJ; 19 OilSffii: . -< 




&fcft3»©* h y-Affl*flS««r#i-5#AA#W 

^flsst, Sftit^A^ft, «-*fy-A©<t^- 
i, 

$ft, fm&&*zhitx h y-Affl#?{k 
*©7-f^^m^ji, ±iaffla^»*sixfc^ h y-A 

[»**2] »©^7>r^J;^:i££ftfc» 
©* }. y-A©flr#-Sr3Wti-53MI*Hij3V^-C, 

±ib#* h y-Ai*fjSLTKttbftfc»©* h y- 

Sff ft Six, b y - A ©ft ^WKflM v 

zmm&mm& t 
sit ft ^a^ £ft, b y - A ©ft ^5ttSS§©-r v 

tf^xk, ±ta±Sf(^A^$ft, sr*h;-.mj3s 

>-^A^£ft, ±SfIt^W^-r5±SfiH-*^i:Sr^ 

[ft *ii 3 ] ±ia#^ h y - A©ffi-§-H:it?ii-ifc5ii* 
*^ft, ^(D&mm^^-y^^ y r^s-erbftfc^ 
y r^SftSftfcft-s-Tf&o-r, 
^x-^ ± 19 oSfliflr#«r#f-^* + y rofli 
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^ft^ftA^§ft5f-^>^yrr*i©t»jft)Sifa«© 
»©^A^)^W^^^ t , 

ztib&w&mx&imz. *> h y -a^©± 
Stt^^ft^ftA^j^ft, * b y-A*j-jj;©ii:?ij©±s 

©afe?ij - HtfiJ£!fcg ^ii5rJ:MSt "T 5 ft 

ifa*©^A^^fcB^^-*Sfm 
[ft*ri4 ] ±ia#^ b y -A©{f^-tti:?ij-afi?iM 
m^ft, * ©*afe?ijff^-^-y-^>^ y rmm^biiit^ 

#sft r i t> n&mmtt&v?** y r©ft^- 

ftfcH— y-^>^ y r J; ti ©Sffff^s 
^ft^ftA^fts-y-?^ y rr'i©tf5ftri2iB*© 

itic©#A^#tB^^^i , 

rft b^A^^ffi^^kSJ; t> b y -A*tjj;©± 

Stt^^ft^ftA^j^ft, * h y-A*t)j;©ii:?iJ©±ft 

©&?|J - t Srffi S r t Sr t -T S 3S*« 

2E«©#A^#m^^-*'S:ff« 0 

©^ h y -A©ff-)^£gffi-f 5gff«f;:*;v>-C\ 
±ta^ffT>'rf-imUTiS(t6ft, ®.a©w*^ 

»*bft, *i±s«&tti^-t-5»©^ b y-Affl^ 

}-y-Affl«t«J:t)ffl^Sft5»l *««^*ft 
^ftft^Sft, *2*a«Srlti*rs*fto*-9-«i, 

sfSft-^-^A^^ft, zmitTyT-f^vmiZfr, % 

b y-Affl^bStt, 
»a^^s tsixt^ v y - Affl^tsj; 19 (dw, 1 ±«« 

t^A^J^ft, T^^Sr^Si-STS*^****:, 
^ t *f JSf 5 ^©12 jfcfttt i ^ A^ S ft, 

£jyrr 5 r t t -rs ^a^^ ^ -*sft 
mo 

[f#*ri 6 ] ±ia#^ b y -A©ff-?-ttii:?ij-afe?ij^ 

m^ft, ^©«-afe?iJff-^^f-^>^ i) r(^*fcftfc-7 

^=¥-y y r#*flss*vfcflr#T?*o-c, 

#£« r ± 19 ©Sffff^-^^-y-^>^ y r©ft^- 

^•ligp-e^lf s ftfcn— y-^^-v y r ± "9 osflmf* 
^ft^ftA^$fts-y-^>^yr^i©tt*Ji5ia«© 



3 

if 5 ta« © # a^ # m^j * - si? 
[ft *il 7 ] b y -Aoff-g-^^j-^j^^ 

#£ffir ^^r-r J; 19 + 'J T©{f ^> 

^Ifgp^^Il^^f'^— if^>+ y r J; <9 

r ft k#A^#ffi;^t^.fc ?>©«-* h y-A#js©» 
l^Mttfs^ft^ftA^ft, * h y-A*]-)S©ii:?ij© 

±faa:?ij©m i ±S{fi©*J-j£-f a t oi^tiwx^ $ 
ft, »2*««sr±ia*«*A^#ffl^*ft»^tt*&-r 

gftft-^A^ft, h y-A©ft-s§-e«m©-i':-' 

i, ^^^i^tf^tfSA^ft, Tgf^^Sr*^ 
Sff ft ^feTHWaSrllvyfcfll # i . -i **** 

©* b y-A©ft-§-S:Sffi-r«Sffi«J-*sv>'r, 
±ta^^ i- y - a t u-tRrt & twc«f:©* h y - 

Affl^SJ; <9 fcS^A^ffi^fliSi: , 
3flMt##X& h y - A off ^{5W§©^ v 

^ Y y-Affl^fs©mffi^s*ft^ftA^£ft, 

b y-Affl^tsti, 
*°>-^i, ±iafrni©a^*^A^$H > mee^y 

^©z^^ffl^A^ft, 2KPW£«rffv\ 
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4 

itmm 9 ] ±ia«-* h y — ^ co w a isi^ij - ae^u ^ 

H£ft, *©«-afe?iJff-^^f-^>^ y riiHR*b*bfc^ 

#3Mt T ^x^i >9 ©${tft#Sr«-f-^#-y y T©ff^ 

»«»-e»ItSiifcPl— 9-^*+ y r J; <9 ©Sffff-^ 
tji^A* s fts f-^^r -r y r r~ t ©ft s ta«© 

jBB****bWAAS*b, * h y-A^©ii:?ij©fij 

8 fa*©#A^^fcB^ * - si?3ff «. 
[ft^rii o] 2«±©«i:Mfi©^ff ryfti >9 

yftio ©Sftft ^-©{g«ss-r >-/^^ ux^yxit 

Mfg©^ b y -Affl^ns^ i 19 *ix^ix«-^ b y -a 

^©T^^^i^L, 

*©SL§ia*bfcflHKr, h y-A©±ft«i^^ 

±taM<e©^ h y -Affl«fl5»©*Da«r» 1 ~»m^ b 

fT:,S©#E« a [Hi 1 1 <?mmz*3^X±3l%m (m= 1 , 

-, m) * f y-Affl«st{b»tt±ia±«tti lt, ii 

fc, aHIg©»l~»m- 1^ J. y-Affl^ft^J;!?© 
JCftiLRW a - 1 0 g Oli?*ftfcIm-lMX b y 
-Affl^bSJ; D ©±«ftt 4 v^yT. t & 

[f»*rfll] 2«±©«mMfi©^ffr^x^j;i9 

40 iiff $^f-M{B©^ by-A©ff^-^SffL, ^^ftr 
h y - AjH3sfl28yi(- J; <9 b y - a© 

±m%t4 ys<suxu?.#yz.zm^x%-z- vv-j^n 

*©|SL9l^fcffi-§-Sr, h y-AoiiSfiti^^ 

50 $.-r&mn%-&'(^s<juz.uz.tf^z.&m^x, 



5 

>-/-?^^. u^i^srfflv-c*©;* b y— 
ML, 

L, 

[ft *rf 1 2 ] ±iFF*fie£©£fie, ±ia±afit©f+ 
b y-i»(-*j-js-rs±Eif*Lfc±ffifii:^a^a 

[ft*ii i 3 ] ±mmit^ti±^ v y -a ©at 

tz.-?)V*J-$r^ y TfH-5§-C& <9 , 

#sflrrv9 i ^^i©sflrfs^sr*^^^ + y r 

$#©*$, ±E7>f^*«La, ±ta±ft«©tf*^ 

r tt & f - 7> -r y r r t # & jftfcMfl ©±gffi 
•rs* b y-A©t©^*^m3&?ij-ii:?ij^mbT, 

& 

[ff*lI14] 2£U:©gfcM{g©i£ffT>'7^J;'9 
itff ^ttfcMfg©;* b y-i=>©{f^-£Sff U #i£ffT 

>-x -r j; 19 ©sft ft ^-©ettm-r u * *° £- 
miias©sff^ai lt, 

±taMfi©^ b y -Affl^bswatasriB 1 ~hm* y 

Mm (m=l, -, M) * h y-Affl^t»«:|Bl~* 
m - 1 ^ h U-Affl?B± ?) fflflmi-f 

L, 

t> 

*©3SL§IMbfc«#*r, Il-Im-Uhy^ffl 
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^© 7 ^ /•'^statSftSrWSSHa u *©fus^as* 
^^m^ b y-A^^j-rsa-^^ftitL, 

^2lHlSK^©S:ff®ai LT, 

#^hy-Affl^*aa!»j!:j;»»-tix^«riii©^-r© 

* h y-A©a^Si-l'>^^^^^>^Srfflv>-C 
#x h y - jE©T*^Sr*^ U 

u^jJO^SrfflVT^^^^^aL, 

tiewjeu * ©^fussm^^ma^a-r 3 r t 
[fflf**i 5] ±R2HS£ixfc* b y-A©ff^-tt, 

- £ ix, * ©afe?ijff ^-asEv ^Hft 3 ^ 

*-ryrm**b*b, nfie, y r*#*flss*i 
fd-^y^dr-v y rft ^-efc "9 , 

$#©*$, ±ia7-f^^«ta, ±EWje*aa«rffv\ 

h y-ArotroSr^^^^J-iff^M^L 
[0001] 

iSScror^x^-eSrff-rs^, IW5MIMO (Mu 

ltiple Input Multiple Output) ?" -r ^Mf ^©gff 

^^©sgi-m-rs t©-e&5„ 
[0002] 

[^*©s»] ^nsft i^m^xfcmm&'DMmik&zF 

•^fAMni^lrftfjV^ LfcM I MO (Multiple 
Input Multiple Output) ^ -r ^/Wf -^{S^Sl^^frt 
$^TV^5 tttl] o 01 9CMIMOf + ^t 

ANS©fctlM, S:ff r>-xf-ANR©i:tiNi-f 5 0 
M I MO^**/Hf ##£4: tt, ^fffMT?*m^ff«T 
X-l -TX-MtryrtANS-l-ANS-Mjffll' 

t ^ ti^^* o fc tt ig «r m -m mw: \ ^ itm % t l 

Tfci£ L , Srff fit- SKtStoryftANR-l- 
anr-n t ifl@©S:ff^RX^fflv^-rSff 

tt2] 0 r©M I Mog^^Wf-^S^oi^-cti, - 



[0003] coMiMoft^Mfeirii, mm 
Wx*mm © r > f- -r x n- h £ ffl v > t * ft 

tvtsff £tt5 0 Lfc^ot, ^-^©iiffr^x^AN 

S-l~ANS-M^bSlft$^fcfS^-Sr, Sftft^fc 

(DmM^m^mmi^tt%mnm^< 

5^ii s l?f5V-BLAST (Vertical Bell Labora 
tories Layered Space Time Architecture) iPf-fi^S 

[0 0 0 4] V-BLAST&©§:{f«fft?Sc£H2 0t;i 
^"fo HH^SSV^T, ^r^TtANR-l-ANR-N 

^xfy^Mtt^iit^mm^^-yMmm^ti 
1 1 - 1 ~ 1 1 -n ± <o m i ~-hm* h y - i±mm\t 

SI 2-1-1 2-M04tl^jimXA$W. * 
UHI-Affl*ft»12-ltt, lSBOiUftT^X 

f- a n s - 1 & ^ft $ titi*?—? n^n fcaa-rs fc* 

©«!SflS#*r*U PJ*|!l*M^ hP^Affl^l 2- 
Mte, MUSro^ff T^r-fANS-M/O^jiff 

* z&m-r s it * ©*{is« «r*-r. 

[0 0 0 5] teftm, ^^©SffTVr-t-ANR-l- 

ANR-NT?gff ztitzm^-zm^xmi * hv-&Ri 

tSSftSl 2-1 fcLfc^TSiS&fT 5„ Jfcfc:, c©!Sl* 
j-y-Afflgsflssi 2-i^bofi^ hy-Air-* 

^1 2-2tJ3V'tM^5 0 ^<Di.oic^mxm 

b*bfc#»fls«©^ b y -a^^m t , ^sffff^- 
^fflv^-r^a-rs^i^^M^ h y-Affl^fk^i 2- 

-cfi, s««#-i»i^i-y-A*»b*M-i^i-y- 

Affl^-fbS 12-1-12 -M- 1 ©£-7*-* ffl^J £ 
[0 0 0 6] 0 2 1 h y-Affl^fk^l 2-m 

(m=l, 2, -, M) ©WfigSr^-T. eaiK«ssi 

3 X tt^Sff ft # £ fflV^#SS«7yftW©-fV/< 
TLTVS^ h y-AOx'-^W^^iJfflLT, *©§: 

mm^^^Lx, ^tib^mm^hv-M^M-r 

STWiLt, t©M7yftANS-m^t,$ 
ft r >T f- A N R - 1 - A N R - N - ©{Si£SS t Mfc^t 5 
£flMt#a»fe§l*»l 5-1-1 5-NT?^L?l 
*©ft*«rH0B;7>r/i^ l 6(^A^i-r5o «^ 
1 6 i L-r^CK4T?tiZ F (Zero Forcing) iMM 
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SF (Minimum Mean Squared Error) < 4 

-A©7='-^w^^w^ffl?i s-mm^tm 

[0 0 0 7] 

L J: 5 fc-j-aHW] v-BLASTftf 

ii, fcs^by-A, mz-i-SMm* h y-Aro^^a 
zfet-tT ^ixs^m+ i x b y -Aro^taa^ssv^-r, 

Sffi ft h IE L < £g L § l< r t XI* f£ ^ 

9 - *sft « ^s«-r s r t ^ fe s „ 

[0 0 0 8] 

[0009] z<D%w<Dm2Mmx}-z, miftm\m.t> 
^mmtmmmzxhztK &x\>v-j»mmim 
<D^m^<Dm^mm^^xm^ti^±m\mt! 

&SkftZo a@| Uf4 1«±©ffit©lEfc) ©^^b 

y-Affl^fh^©^a-ett, a- iiiib©*^ b y-A 

*H©*3»litt, «©* b y-Affl^l2St*iJSS 

a»b45MiMo*fls«i, f^^-y^tats 
ro»*3-*>itii»fefc*, b y-Affl^^©«^ti 

[0 0 10] ^©|§HJ!©m4ff^^*5V^-rtt-7^^^^ 
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- y xJEjMli: afii^iMm^i $ l »*fc*5tt5M I M 

<DmmmmM%sitm^ tfc-?t r©3Pj©fg5 
t-M-t & © mm y - y ^ t t fg 2 

fl£fi(-*5tt5M I MOflH[^©|l^i^-fr^ftS 0 r 

^.x\ =.&*&i:m^zftt>9\^ -«©7 

[0011] io«wo*8»lft^*t5rftS 

i i sb 3 bi§ t^*5 tt a m 1 mowb 

ffl^SttfrtU-, -«©7-y^.^m^Sic©^Kic 
35SSSrfflvS-i^#S. "©3&D!©Sg7^?§iiSg 

6Mfflzm-tzmi&hm~x*hztf, mimoibi: 

*SV^T, a 01 (attl«±©ffig©ffiR) ©«-^h'J 
-^ffla?{|j*j!:*5»ta±ffiffi[ffi^f±, ffi©#* h y-A 

^ftfttt'f v^-y-^^LT> #MIM035fcS© 

b y-Affl^ft^A^ft-c, a + iiiisro^a 

[0 0 12] £©»H©»8»«fcJ:*Uf, WS*«r^ 

tf**©^ by-Affl^^/0^ft5#A^#ffl^^k 

TSI*fiS£££fiS£S, MMSE7^^ 

1 o g [P[b (i) =0]/P 

a: (1) ©#*i#?£${-LT, 1 o g [p 
[b (d =i]/p[b (d =0]] tjtm-fzWi&ti 

fe5o £ ©3^*51 ''T, P[b (i) =0]f4Bf,^ i 
ftZVyhb (i) #0 i U P[b 
( i ) = 1 i fcfctfS tf-7fb ( i ) ^ 1 ift 

a; (1) -es«$^5±««fi> 

^lT?fe5«*^KV^Bi^©^tftffit*5 0 

tfso ©$§£•«:, #S LX^Z^y hfroxfoZWt 1 

xh^m^mh^^t^m-to 
[0015] z.<D%Mmi<D®m<Dmti\z^^xwiw-t 
5o ^ftt-Sffff-^^fflv^-rssi^ b y-i»ffl^b^2 

A©±sf(m^zi isffff^^fflv^-rss2^ h y-A 

sum* hy-AfflfB2 i-M-ett, ^t-^w^tLfc 
ss 1 * b y -AjtancwA a. 1 ^bSSM-i^by-A 



ffl^k2s©¥UJ£ffi^\ *tW»Ma^t^3* h 
y-Affl^f^dA^^So i@l©^h 

y - ^©^#13^7 Lfcm< a-s-sfcas^-ra-s-a* 
{k^r'^{k«La^t5o 2@siy.p$©^«iaT?tt, & 

«^«fl»&#6*b3ft-lH538?!l£ffl^3„ ^*<9< 10 

^*5tt5W^i§*(4^^®a^ft^^5^ b y-Affl 

J0 ^flsSfcf±A^Sixftv\ 3sfl5«yifcfrlil©*-iHS£# 

[0013] 

[3PJ©^K©^f§] ^©^©5g*©ff^£llls^ 
2 0iI$LfcV-B LAST&irosWl^-X M)-A 

ffl^k«2 i-i~2 i-Mfrbiz±mmm£i£ti. * 

^ ©jtftlt*4«*flS*!!a*il»TU-CV^ftV^*^ h y-A 

©^ks^A^Six. *©* h y-Afcj3H-5*fls«ai 
fcm^btizzt »i^hy-Afflffb^2i-i 

a^SBM* h y-Affl^k^2 l-MO«»7L 
Affl»ftS2 1-l*^*M^ h y-Affl^k^2 1-M 

©*tSc±SJtt?fc'9, kt©s: (1) t?^»$^s 0 

[0014] 

[b (i) =1]] (1) 

^±©^a^, in]g©ssi^ f y-Affl^^2 1- 
1 *^im^ f y-*umm\m2. i-Mnmitvmxh 

D, h y-A©±ft«^! ©ffl^SrWSSi 
7-1-1 7-M(^J;o-C^^^iJS-t5^i(-j;'9«- 

[0016] ^nmrnMixim-^mmm^ML^b 

ic&x V y-A(^*3(t5^t:^aSr»MUt5o 

# D, i0g©isi^ h y-A^bfSM^ h y-A©^k 
Wfa^ntJofc^-e, ^hy-A^bciiSfiHJAi 

1 ~Z M iS:ffff^-«rfflv^-rStJ«SSl^ b y-Affl^k 
^2 l-l (^*5V^-C^a^ftv\ Srffl^J-t- 

t?t5„ ijitt, iiaao»i^fy-Aj!:j3rt5*fl2 

®,ai-*3V^-Ctt, Sff ft fLMV^ r t ft^o 
50 [0 0 1 7] ^att-LT, 2@S©Sl2^ h y-Affl^ 



(7) 
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K2 1-2 m 1 * b y -.AfflSSflsS 2 1 - 1 © 2 

a. 2 nmutammttm^x. 

#5. B2 0t:/$lfcV-BLASTSm # 

* b y-A^bs^btt, mmwmx&%±mm 

v\ 

[0 0 18] 0 1 e£©«-* h y-Affl^{k^2 1 

-m©«$(-o^T0 2(-£-^VTmHf3-f3o 

s^i 3t?(4H2 i ^cnh<n tmmi^mm^rttm^^x 

mm r yftAN s -m t r >ft AN R- 1 ~ A 
NR-N^ffl^^;^^#y^?rim. 101 

r (k) = [ri(k+Q-l)]-r N (k+Q-l) 
(k)] T (2) 

*i-s**«JE^vifrMft+ i -e* t> , ±gs*© T 
l-?fc5Ci^t 0 Sfc, n (k) (±i#g©gff 
rvftANR-i ± ^©Bf^kro^ffff-^f-^^Hii: 

£*U r N (k) CiNfSSrogffX^T^ANR-N 

'ta u (M)) - h u (k ; Q-l) 0 



fc, S?2 2-1-2 2-m- 1 J; ^©gEt^a^TL 

fcii-ini- 1* b y-Awjcfttti! ~i m - 1 ©w 

TLtv^Il~Sm- b y-ArofS-9-^Sr*^ 

Sffff^b 31*351 5-1-1 5-NT^L3l^ *© 
«f*«r»»7>f/u^ 1 edA^-f 3o »»7>f^ 1 6 

fEfcataasjfcT Lfc*^ y a. i - a. m -i 

©m^^fflv^-r, ±mmui m &±&mwr n& 2 4 x 

3. ^J6tB#^kt*3it5S:ffff^^ r (k) 
[0019] 
ri(k+Q-2)-r N (k+Q-2)-ri(k)-r N 
<£ <0 ©Bf £k©g{f{f^>;^HK«:*1-. 

[0020] 
[ici] 



h^OcO) ... hu,<k.Q-Q 0 
> h u (k,0) ... h u (k,Q-l) 



0 h u (kfi) ■■ 
0 

0 h,, N (k,0) 



h M (k,Q-l) 
h 1>N (k,Q-l) 



[0021] hi,i (k, 0) l&nnm 

ffT^xf-ANS-l lfig©§:ff Ty-T^ANR- 
l^©{5j^i^(^*51t5, B#,£k©-f y-vVt-.X WX^yx 
©0 Wsj?^«ji©ttSr*-r o [Sl«(cLT, h 
1,1 (k, Q-l) fi, Iff gO^ffTy-T^ANS-l 
lUSoSffT^xf-ANR-l (cS5ei§U§(-*3 

its, ^^Ckro-O^^u^^v^ro (Q-D 
tfWBiroffiSrieU hi, N (k, 0) t4, lffg©i£ 
ffT^xf-ANS-l ^fcNffg©S:{f TyrtANR- 
N(cS5{5^SS(^*51t5, mM. k ©-T u.x*°y 
^©0 vytfUogMroflt&^U hi, N (k, Q-l) 
tt, if loiftryftANS-i i^NfloSi 
ryftANR-NtlSglKtMS, B#.£k©^ 



y^VwWil?y^o (Q-l) v / >^jiM©tt?r^ 
■T. 

[0022] mm\-LX2-, Mifgo^ffryxf-A 

N S - 2 ~ AN S -Mfl> b ^ft^'tl^ff $ thtdt 
40 Mt7yft ANR- 1 ~ANR-NHS 5^ y^;« 
ix^^y^Srfflv^-C, ff?iJt^ 2 (k) , --, IHC 
m (k) SrS^-r5 0 ©*§£-, MUgo^ffryxf- 

ANS-Mt^-Sffff^-Tyxf-ANR-l — ANR-N 

raro^v/^xu^v^fc^frfliH:!! (k) ti.sk 
T©S;-e*3;h/5. 

[0 0 2 3] 
[ft 2] 
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'V,(k,0) 
1»m.h<M> 



- h MN (k,Q-l) 0 0 
h M>1 (k f 0) ... V.tk.Q-l) 0 



0 h MiI (k,0) - h M>i (k,Q-l) 

o ; i 

o VnCMJ) ... h MN (k,Q-i) 



[0 0 2 4] lSgroiifSrvxf-ANS-i^ vY(D±m$.Xi (k) ££I.T©S;-ej£i|-f 5 0 

Jll (k) =log [P[b (k) =0]/P[b (k) =1]] (5) 

^.(D±m$.^m^x s isi©^ h y-AfD^g^^ wubi (k) ^«T©s;-e^-rs 0 

b i (k) = [tanh (A. i(k+(Q-l))/2)---tanh ( X i (k+1) /2) tanh Ui(k)/2) 
tanh (A. 1 (k-l)/2)--tanh U i(k-(Q-l))/2)] T (6) 



^f 3 +oo©fi^^5±*flA.^ > tanh U/2) t-TS 

L"C X 2, MH|(7)^ffT>7 i -^ANS-2, -, 
ANS-M^^^ff ^Hfcff-^-©^ki-#5(t5 tTy h 

t> M ( k ) = [tanh U M (k+(Q-l))/2)-tanh ( A M (k+l)/2) tanh UmOO/2) 
tanh U M (k-l)/2)-tanh ( A M (k-(Q-l))/2)] T (7) 



<D±mmi2 (k) , -, X M (k) tU, 12, 
-, h y-A©±ffi{[gy<^ h^Sr b 2 (k) , 
-, b M (k) b-t& 0 b m (k) fl&LT 



fi l@|©ii^F'J-Afflfft^2l-llc 

-fyy^^^y^^jffLt, 5$ (3) -C£«£ft 
Sff^JHi (k) £4y&-r3 0 cc-T?kfif%££jg 

■r. rro&srctt, m©* hy-AffltssftS2 i-2~ 

2 l-Mt^^T^S/^TLTl^Wcftt;:, T^fig 
^4«23CttiS?22-l~22-M±t)©#^ h y 
Wi (k) = {III (k) I I 

^i©W2Q-i©^ Wi/ffcti, 0.T©3;-C 

zi (k) =e Q T t^i H (k) 
r (k) 

iO, MMSE7-f^l60tD^zi (k) 
^^u^^>-^^ffiv^-c^^tLfcff?iJt^:i (k) £ 

(k) =4 XR e { z i (k) 

Re {z (k) } ttz (k) (DUWiU(o\m^. 
5::i«r*U iii (k) f±KT©S:^SilSii5. 

»l(k) =e Q T JHCi H (k) 
Ml (k) eg 

£Lh#, 101©IlXfy^ffl¥B2 1-l©» 
MXh<9, ±m&li (k) ^fflAJW. fcfc, 10 



-Aro^MB^teA^ft&^fc*, m=l, -, M 
©^T©±«<|tX m (k) (ifni49, ±ft«-<^ b 
^b m (k) tfn^ h^£&5 0 LfciSot, 

r (k) iSMMSE7^*?16ia*^5„ M 
MSE7^;^16 ©7^^^#fc-<^ Wu&W 
i (k) itSiWi (k) ft, ff»Hi (k) Srffl 

H (k) + a 2 I } "^i (k) e Q 

(8) 

[0 0 2 5] 

e q= [0---0 1 0---0] T (9) 
r©t#, MMSE7-f^l60ffl^zi (k) [4JJ!. 
T©S;-(:-^$^5 0 

{Ml (k) M! H (k) + CT 2 I } _1 
(10) 

fflV>T, ±«{tff*^2 4(^J;i9±lS{(Zi (k) Am 

}/(l-M (k) ) (1 1) 

[0 0 2 6] 

{IHEi (k) JHli H (k) + <j 2 I } _1 
(1 2) 

s ©IS 2 * h y - Affl*flj» 21-2 ©^at-ov^-rm 
» hj-tSo *2^fy-A©«#ifttt»tj3v^-cH:, mi* 
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^;^16ttM^W. HT, S2^HJ-Afflf 
ffl^t, fi^ijH 2 (k) ^*)^-rs 0 Tanja&^j** 

r i' (k) = r (k) I I 

fc*5, Sffiffi#ri (k) , ■-, r N (k) i>&H 
1 (k) b i (k) ©*HSi-5j«^«s§l3l|c»i 5-1- 
1 5-^**1^*1,8 L3l/W"lS 0 MMSEC7-f^ 
1 6T?ti, ff-5§-<^ r ' (k) t, V W 

z 2 (k) = e q T H 2 H (k) {Hi (k) Ai (k) Hi H (k) 

+ H 2 (k) H 2 H (k) +a 2 I } _1 r i' (k) (14) 
Ai (k) ii b i (k) ©fi^fflPTKTffl [0 0 2 8] 

. M(k + (Q-l)) 1 2 n ... ... 0 
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(k) SI (6) TfSgSSftS^MI^ 

n/vbi (k) t£j*u nfbtfraiHi (k) i 

W»Ul-5-AflWHi (k) To i (k) £ 

f^tLt^ta. a; (13) ± 5 msflr 
ah^** h 1 x hi - a ia 5 AM^^i l 

MMSE7^;>?16HAAJW. 
[0 0 2 7] 
k) b 1 (k) (13) 
xstfv^&ft&JxSfxfllHi (k) , H 2 (k) 

t, ±ffifi-<^ h/u b 1 (k) zm^xyjsufmm 

tffit>ti&. 7>f/u^m*z 2 (k) tiKT 



[0 0 2 9] ftftjll, ±«ttfH|CS2 4t?tt, V4fr9 £ffl^T, JJ(T©S:t?^ § *U5±Sttffl^ X 2 (k) # 

leotHitiM^n^bi (k) fc^r>o*u* tf*^^5 0 
uxtf>-xfr(b&bnz>ftp\tti (k) , h 2 (k) j<? 

X 2 (k) =4XRe {z 2 (k) } / (I-112 (k) ) (16) 

:^-e, n2 (k) ttETFws^egsSifts. 

(k) = e g T H 2 H (k) (Hi (k) Ai (k) H i H (k) 
+ H 2 (k) H 2 H (k) +a 2 I } _1 H 2 (k) e q 
(1 7) 

[gi«(-L-r, iias©^M^ MJ-Affl«?{i^2 i-M (bi (k) , -, b m-i (k) Srfflv^-r, sflMt# 
^astf-sata-m, K(-®a^^TLrv^5±gfta.i ^ r (k) *»bffi©^]«y-A©flr#^^ 

(k) , -, X U -i (k) a^bWbtbSjtftlt^ M^iLTS (18) fc^-fi 5i-8L3l/Wv 

r M ' (k) = r (k) -Hi (k) b i (k) 

-H 2 (k) b 2 (k) H M -l (k) b m-1 (k) (18 

) 

^-(Dii^r^? r ' (k) MMSE7^;^16 -f <fc 5 fc# feixSo 

T?*&a£*K 7^^?mt)2.u (k) iJSS; (1 9) (-^ [0 0 3 0] 

z M (k) = e q T H m H (k) {Hi (k) Ai (k) H i H (k) 
+ -+H M -i (k) Am-i (k) H M -1 H (k) 
+ H M (k) Hm« (k) +a 2 I } - 1 r u ' (k) (19) 
±!S{(ff»2 4T?tt, 7^^UAz B (k) , R|C tv5tf?iJHi (k) , -, H M (k) SrfflVvt, tCS 

®.a^TLtv^±«fitii (k) , -, x imtixu (k) asu-as^s. 

m-i (k) , mfe£tltz4 l"<^*lsx#>xfrb® b 

Xu (k) =4XRe |zm (k) } / (1-UM (k) ) (20) 



(10) 
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u m (k) it£kT<D£:x°fem£tiZ>o 

U- M (k) = e q^m" (k) {P- 
+ -+H!m-1 (k) A M -i 
+ I~I M (k) Hh« (k) 



[0 0 3 1 ] 
Cl (k) Ai (k) F^i H (k) 
(k) Mm-i H (k) 
+ a 2 I } _1 F^M (k) e q 

(2 1) 

m (k) mmhxvmmi:t>^ 0 &mm&<f 

[0 0 3 2] 



sold*, i@i©^ b y-Affl*fl*fc*irt5««i 

m-f^wm^mm-r^o 2[gia©i?i^y 
-Affl^i2S2 i-i (-*5its^at--o^rai-<So i 
ntBroaattt^ftti, ±m$.xi (k) , -, z io 

r i' (k) = r (k) -H! (k) b i' (k) 

-M 2 (k) b 2 (k) M M (k) b M (k) (22) 

b i' (k) as: (e) mama t. i (k) mm-vfemztiz. 

b i' (k) = [tanhai(k+(Q-l))/2-"tanhUi(k+l)/2 0 tanhUi(k- 



l))/2--tanh(ii(k-(Q-l))/2] T 

znt±, mi* h y-A©Bf,^k©ff^^^«L, * 
©iim©ft#iWT8*fiS£fcii*s-f-s ± 5 

[0 0 3 3] T»^^SU§l*^fcS: (2 2) TMj-x. 

zi (k) = e q T i H (k) 

+ H 2 (k) A 2 (k) H 2 ' 

Hm" (k) +(T 2 I } _1 

Ai' (k) (is: (is) -e^tt^fts a 
i (k) ©«t , *fcttBi-5S*«rliLfc*Miff?II-e* 

a t (fc+(Q-Q) | 2 



(2 3) 

bftSffi-^^ r i' (k) «SE7^^ 

i 6izx>&m£ti. 2mn<r>y j ^zmtszi' (k) 

#3; (2 4) fc.fc!)W-3|L£ixS„ 
L (k) Ai' (k) F^i" (k) 
"' (k) +-+H M (k) A M (k) 



r i' (k) 
[0 0 3 4] 
[i£4] 



(24) 



[0035] ^*©ssg»^^i t-tzzttz, z>„ ftmt, ;fc*W3l^2 4fc.j;!>;££tttttfUi' 

b i' (k) R*£kwfH§-fi8#«r» (k) asff-SSiiS. 

ii' (k) =4XRe {zi' (k) }/(l-fli' (k) ) (26) 

hi' (k) ii£(T©Stfi$ti5 0 

Hi' (k)= e Q T t^! H (k) (Hi(k)Ai' (k) F^i H (k) + M 2 00 A 2 00 
H 2 H (k)+-+HM(k)A M H^lkl+c 2 I} _1 t^i(k)e Q (27 

) 

IHUfcLT, H2* fy-Affl*Wfc*2 1-2©20B $#£3lv^ff h;^EIT©Sfc J; *> **S 0 

©^a^fc^Tfc, tttftd^ftft^^ W^b^Fg* [0 0 3 6] 

r 2' (k) = r (k) -Hi(k) b i(k) -F^ 2 (k) b 2 ' (k) 

H M (k) b M (k) (28) 

bilkltt^UMI-AfllWl- K*Sr0iLT, »»JH:liaa©IB2^hy-AfflaS!{fc: 

i^*5v^-r2iaa©^«ia(-j;'9^w^tLfc±Sfttti ^2 i-2^tw^^ixfc±sfii:a. 2 (k) £jH^-r4y£ 

Ail' (k) £ffl^T*$£tL3i;S{i!y<^ >^-e& Sift*;*;**"** r©^-<^ h/u r 2 ' 

19, b 2' (k) (IS; (2 3) ©i^^Il;, 43*© 50 (k) «MSE7^/V^16|:AA^T7^;^1 



(11) 
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a^tiSo C<Dh%, 7 -i ^fmtS Z2 (k) tt«T© [0 0 3 7] 

£:xm£tlZ>o 

z 2 ' 00 = e q T F^ 2 H (k) |Hi(k)Ai(k)H 1 H (k) + H 2 (k)A 2 ' (k) 
JHC 2 H (k)+-+ JHC M (k)A M (k) JHE^OO + a 2 I } - 1 r 2 ' (k) (29) 
A 2 ' (k) »A 2 (k) ©tf*mtt«-r5S^Sr ±S{(th« 2 4 |c ± 19 X 2 ' 

1 tL±M%ftMXfoZ> 0 Z.<D7jj\s#MJ]ZRl\,^X. w. 

A 2' (k) =4XRe {z 2 ' (k)} / (l-n 2 ' (k) ) (30) 
w 2 ' (k) tt£i.T©S;T?^a$^So [0 0 3 8] 

» z' 00 = e Q T H 2 H (k) |H 1 (k)A 1 (k)Hi H (k) + H 2 «A 2 ' (k) 
FF 2 H (k) + FF 3 (k) A 3 (k) H: 3 H (k)+-+tF M (k) A M (k) F^ M H (k) + 
a 2 I } " 1 t^ 2 (k) eg (3 1) 



(atii£i.±©ffii©SiO ©^adfci^-tfi, a-l 

mn<D^k®Mfct$ftz%imx h y-Affl^kS2 1- 

mi^lM^ f y-A^fk^2 1 -M©±a«ffi^ t . 

a@s©^t:^a(-*3(tsmi ^ h y-Affl^{k^2 1 

r m ' (k) = r (k) -Hi(k) b i(k) 1 

(k) -H m (k) b m ' (k) -HI m+ i(k) b m +i(k) 
b M (k) (32) 

b i(k) , -, b m -i(k) mti^timi 
3s-flsS2 i-m- 1 ©amsro^fk^at-J; <9#bttfc 

m ' (k) , b m +i(k) , -, b M (k) \Z%mXhV 
-^^im2 h y-Affl*fSfls$2 1- 

M© a - 1 01 ©ffbMt ± 19 # & tWt^gftffl^ J; 

>j£#£jxs;fcfla»><* b^zm-t (a = i-e*5iia 

z m (k)= e g T M m H (k) { I-1 1 (k) A 1 (k) F^i H (k)+--+H: m -i(k) A m - 

(k) t^: m - 1 H (k) + t^: m (k)A m ' (k) M: m H (k) + H: m+1 (k) A m+1 (k) 

+l H (k)+--+H:M(k)AM(k) Hi^OO + cr 2 I } _1 r (k) (33) 



-l*f)Im-lxF^AfflfB2 l-m-l©±S 
[0 0 3 9] 



,-l(k) b m -] 

Hll( k ) 



gro^kflyaf-fc^-ai. b i(k) , -, b M (k) 

±&%X-<9 bfr b k ' (k) ©t*i-ftfi-t-SS^f4 
•Vuh-tZo ^©ff^^ r ' (k) MMSE 

1 6 ti ^a^-c, «r©s;-e^^H57 

>f^W*z.(k) 
[0 0 4 0] 



Hi"?, Ai(k) , -, A m -i(k) fi, Zti^timix 

fl5«2 l-m-l©alHlg©^«ia(Cj;i9|#&tl,fc± 
«*BAfcJ;»J^SS*b5*Miff?II-e*t>, A m ' 
(k) , A m+ i(k) , -, An(k) tt, WfJlJSm^ 

A m (k) =4XRe {z m (k) } 

Aim(k) tiKToS^ASfg^S, 

n,(k)= e q T H: m H (k) (Hi(k)Ai(k)Hi H (k)+-+H M -i(k)A„-i 

(k)H: m -i H (k) + t^: m (k)A m ' (k) t^ m H (k) + H: m+ i(k) A m+ i(k) H: m 

+l H (k)+--+t^ M (k) A M (k) ^^(W + a 2 I } _1 t^ m (k) e q 

(3 5) 

<Dmtmmxn^titc±mmii w ~;u-i (k) # 



2 1 -M© a - 1 0 g ©^{b^ai- J; t) # b ixfc ±«« 
ffi^icj; D^^^S^^J-CfcS,, A m ' 
(k) ©^*icf4g-T5®^ttl ti-S„ iftlSt-^A- 
m^ffl^T, ^tff*^2 4^J;l9±^flttti^X 
m (k) ##&*b5. 

[0 04 1 ] 
(l-ji.(k) ) (34) 



M (k) ©W^^fUS^l 7-1-1 7-M(ciiLrt#b 

th%r ! ~?mtitLxmv<D^t£^7 ! ~?&n%z-tfc 

4*5, ImX h y-Affl«Mfc*2 l-mlZLjSIt 
5 z F»^**ft«2 3 ©«fg«^ttEl 3 Af^-f- ± 5 
45. Si 1 22-l~22-m-l±!) ©^-0 (a0g) 



£S-<^ h^J&gP 2 6-1-2 6-m- lfilA^ft 

t, am (e) ^©Ss^ r 1 j ZZfl^tl 
r 1 j , ~, r m -u t LfciS^^ b 

1 (k) - b m -i (k) #£#3*1,, S?2 2-m-2 

2-Mj;i9tfr0 ( a -i0g) <Dmmmx®tbti±± 

ftiU. (k) ~1 M (k) frfA-** h^t*»2 6- 
m-2 6-MiaA^, bA-*J$g|5 2 6-m + 
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1-2 6-MTttS; (6) ^<D-m¥ r 1 j 
Tm+lJ , ~, TMJ t LfcM^^ b 

m+ l (k) - To M (k) tf&jIZtl, ±&^<? hAsQitfi 

g|5 2 6-mT?tiS; (2 3) ^©Ss^ r 1 j £ r mJ t L 

fc±S-<^ bA- To m' (k) tfS£f££*l3„ 
[00421 iWil^Wl'bi (k) , To m -i 
(k) , To m ' (k) , To m+1 (k) , - To 

M ( k ) t {Si£S§«J£fs 1 3 J; <9 <D4 1<>></V7. 

Xft&lHi (k) , -, M m -i (k) , t^L 

m (k) , F^ m+ i (k) , -, t^M (k) k#*we jo 

tim%M2 7-1-2 3fS 1 -SfSM* 

tL5o Sfc?^* l 6©«fg«^(iEl3B^^-rJ; 5 
*J-^ff?tej^g|52 8(^13 (a[HlS) (Drntumx* 
#&:fc/fc2;ft«;ii (k) ~^ B _ 1 (k) tiwrni (a-1 
me) ©isftffia-eftbixfc^attim+i (k) -x 

M (k) tfSA;ft£ft> s; (1 5) $<Dm¥ r l j 

m r i j - r m -u , r m +ij - tmj tLM 

ftffJBAi (k) ~A m -i (k) , A m+1 (k) ~ A 

m (k) #£i£;£;h„ tfcsfriEi (a -101) comim 20 
aT?#^Hfc±«fi^m (k) ^wm\*£.m&2 s' 
t-A^ft, a; (25) (f©ts* r 1 j sr r mJ at 
*jim?iJA m ' (k) #£#3*15. iHfe^ftfrJiJAi 
(k) ~A m -i (k) , A m+ i (k) ~A M (k) R& 
Am' (k) t, -Y i^l^W^i^Hi (k) ~ 

M M (k) i¥^H*S^Ja 2 i/!iS^ij^g|52 9i-A 
SI (3 3) ©£52 ^©^^ hA- r m ' 

(k) «r»v^fca;*«3i|ES*b-C7>f/u^«»w 

m (k) aSfUFSitS. *J-^ff?li*^2 8&0«2 8' 

1 ?T?lliftffa5 2 9 K ± 9 7 ^ ^«if 3 1 
^ti5 0 3Mt"<* r (k) t>*b=F»liL&#&\,3\ 
MbfcJS"** r >' (k) y^«»W 

m (k) tfcj; 19 y^/v^vmm 2-?7j^?mn& 

ISti, o49w. (k) r m ' (k) #«HrS*i/t 
7>f^ffl^jZ m (k) ^#b^5 0 
[0 0 4 3] ±«ffifHFaJ2 4^tt7>f^ffi^z 
m (k) i, ^^A^#iCW m (k) -fi^l^U 

^*°>-^H: m (k) tasx&Sfi/t, Aim (k) =w 
. (k) m m (k) e 0, oj oa: (3 5) ^KDtffi 

2 4 aTff*£^ Mt^*g|52 4 bT/z m (k) tz« 

(k) infest (3 4) astmcsix-rjCftfflcim (k) 

i!#E)il5. ^ ©±S{|t X m (k) tt^lj^l 7-mtA 
^fr, 2fltfiJS^ff^^5o frxELfcJ; 5(-^gf(ta. 
m (k) fitanh (1, (k) /2) iE^^tvr^-am 

mmmtsfczt^tb, ^ni^/sfB2i-m 

(m=l, • • • , M) i^#ii©ESftgPt-J;l9#tanh 
U m (k) /2) ©***fr5::i#ff*U\ 

[0044] &.±.(D^\Lim.<D^m<r)m^mA\^-r a 

Jf-fy/^ux^/KyxHi (k) -f^m (k) £ 

(SO) , ^7^?m^ia (SI) , 4-13^ 50 
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mz.±mmxi w -x m -i (k) (xatanh (a 

1 (k) /2) -tanh (l r i (k) /2) £I.TPJ«) i 
fllHlJSftfciiSfltXm (k) -X M (k) (Xtttanh ( X 
m (k) /2) -tanh U M (k) / 2) £lTi«) 
«9±S-^ h^4figgP2 6- 1-2 6 -Mt*±S-<^ b 
^Ai (k) , -, A m -i (k) , A m ' (k) , A 
m+ i (k) , ■-, A M (k) (S2) „ Cfrb 

M^F^i-fy^^*^Hi (k) - 

mm (k) tzm^rT ; <mft*mn3 2 7-1-2 7 
-M-etmci-a (S3) „ b^^^-rsr' 

[0 04 5] Sfl^^h^r (k) ^bi^bW 
^SrBfefeLT^* h/u- r n ' (k) (S 
4) „ *fc^lH]*&fc±SfiXi (k) -Z m -i (k) i 
mjlH]*&fc±ffifiX m (k) -X M (k) M^WV 
X^Hi (k) — THE m (k) i^tf^S^CT 2 

m (k) SrfHIEi-5 (S5) „ 7>f^^«*W m (k) 
hfr r m ' (k) &7^;^MU7^;v 
m*z m (k) ^5fti6S (S6) „ yjjufrmjjz 
„ (k) . 7-f^^«*W m (k) , 

>^M m (k) \z.£v±stmm&2 4\z£y)±mm 

l m (k) (Xiitanh (i B (k) /2) ) *fH|Ci-5 
(S 7) „ 

[0 0 4 6] maSM^ftofc^SrlH^ (S8) , Mfcft 
-oTV^^tt^(im&+ 1 U^f 2 i-M5 (S 

9) o mM^iofcf,, ^b^a^fjf^HIiC^ofc^ 
^P^< (S 1 0) , ffifemWtffvX^tttttlttX??? 

. (k) (Xtttanh (X m (k) /2) ) fcffljg* 1 7 T? 
flJ^LTmTj-rS (SI 1) „ Xfy/S8tm=MT? 
fcofct, *H#S 1 2-e^-fj; 5(-±*«X m (k) 
©fflSSl 7t-J;5^^fo-C, ^^M^t L-TW7J 

^fy/S 2~S 4©fT(- ; fTo-Ct ±V\ 

[0047] «-»*v5»u-v3Vj!ij;i9, mmmi 

K J; 5Sff«t , *K4 J; 5Sff«©#tt^^f o 
fl5tLtiIMliBPSKiLfc„ {SMttiiS^ 

u^sjO'jx) ^ttaswt-ff^^-rv^ t©£ l, # 

7V-AfHf#2 5 6 V>-*VK^J; i9«fig^^5^i i 
hK-ASrllxh^AtLT, Sfll«*o*#V^)IS 
[0 0 4 8] H5t^V^TWGl»3 5tt*|R4 0$flMMI 
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»3 6 fijtBU ©$flM««J«fcj3V^-r* 1 * h y -Affl 

mm i ©sff««^^fflv^m i * h^i,fflf^2 

J?)i^SlXFy-AIffffi2 1- 

1 ^b«M^ f y-Affl^{k§|2 l-MS-trw^a^tt 
f 4> #^l«y-Affl»fls«fcj3H-5*!!a«r2|lIHt>jgL 
[0 04 9] Ebilf-y h^,u=J?~, No JiJtWS^ 

«:**■. H5fc*t1S*J;t>, £iSU©#i£3rffl^;fc4§ 

1 ^m^rn'oM-r^. tic 

i£W y-^-v^^SWS (&firi£, ivy#;H 

fc.flMMl, 4 2, 4 3 tt£gU ©#8c«rffl^-«:**b 
Wll, 2 0, 3H«mLfc»#-e*>«J, 
4 5,4 6 ji&SteS 1 ©*$t- ± 9 10,2 
E, 3ISI^aLfc#^T?&5 0 C©#^f4^4©*"fe 

nifefli 1 ©*$©#tt©2r;asffi*i/r^3 r t **»-e* 

3„ *Itt4©^feT?tt«iESas#JtS<x'rv>/j:v>as, 0 
[0 0 5 0] 0lH:^Lfc*^t©W€Sl 7-1-1 
^^J2 

r©i§Hj!©^Kf!i2^Ei7^*^^rm?f3-r 
5 0 0 7(^*5v^-rttEii(-^Lfc^ by-Affl^ft^2 

1-1-2 1-M©ff9 fy-Affl^fk^4 7-l~ 

4 7-m^i\ ^©* f v-j*mmfc^<D±mmt) 

©Srj-KU*«saail«iiJ|45. Hm 
^ hy-AHfftf2 l-m©«yin:j; t)#bixfcjC« 
*aA«r»m+ 1^ by-Affl»fl2«2 l-m+ 1 ©*fi 
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ffl^ft^4 7-mit) ©±S{ptffi^£Jf!m + 1 * b y - 
Afflf|Sft;#4 7-m+ 1 ©«L3lH:fflV^V\ 

[0051] Lfc^o-r, mmm2xmm\mi^v 
7-MtiSfSfH^-<^ ^©^Srffl^T^ffc&asrfT 

9„ h y-Affl^^4 7-1 -4 7-Mt£*5(t5 1 

^4 7-1-4 7-mas^x®m&ftt>frz>o ^-nm®, 

T?ti, ^ Fy-Afflffffi4 7-1-4 7-MfflM^ 

Srffl«T?* 6„ r ©^©^a#)il©f^0 8 Sr#flg L 

i (k) -F^M (k) £*£L (SO) , rftbtrffl^ 
X JUT <V m = 1 , Mi^o^-Cff5„ *T^-r 
A^#Scw m (k) tr, a (8) ©gs^© rij «r 

Tmj i-fsrt^j;i9tfif L (SI) . :m,f,«-7>f 
A-*#ScW m (k) !^J;i9§{f-<^ h/u r (k) Sr 

^^-^ai. (S2) . #7-f^«taiii*z 

m (k) i7^?«ftw B (k) , 

>^FF m (k) ^fflV^-r±ffifiX m (k) (Xtttanh 
U m /2) ) (S3) „ rtttT'^iHIS© 

[0 0 5 2] ftlim=l, Mtov^tElTcMS: 

^t5o *-ffrni©±^iXi (k) (k) fcjH^-t 
h^sr*j*-rs (S4) , z<D±m^ v^<d 
4iiil4f©^f-7/s2^i-e«)5is 1 fc^jt* 

»«r**iW*j«L (S5) , nfbbTS^a*, Sff 
r (k) ^^m^icLT r i' 
(k) - r M ' (k) (S6) , Sfc^-f^ 

«W! (k) -w M (k) SrfHM-5 (S7) „ r 
©!f*(iH4^©^7 i 5'^s 5iiit*fe5^ fcfc± 
Wit LTBfrHiaatJ; D**fct©Sr^Tfflv^S^as 

[0 0 5 3] :ftb7-f/^«Wi (k) -w 
M (k) fcitJ r i' (k) - r M ' (k) Sr**v? 

^7-f^^«yiL (SB) , ztib-rj/isfrtummskz 

1 (k) -z M (k) J:7^/^«Wi (k) -W M 
(k) t, ^y/-!;i/^wx*"yxHi (k) ~M 
M (k) ^r^mffl^t, l4^»^f-7/S7J:i 
«fttHF^J;t)±«ttA.i (k) ~1m (k) tttiVti 

(S9) „ ^amm^Fjfsiiimt-^ofc^^is 

(S10) , Jfeo-CVftfttl-tt^^y^S 4^M<9, 

ftot^jiiJi«*ii (k) ~a. M (k) **ti?nm 

SS^JSL-Cffl^jl-S (Sll), Xfy7*S9©i 
(c, ±|gf(Zi (k) ~1 M (k) SrWSL-rjft^iBSi 
L-CW^JL-Ct ±1^ (S 1 2) o 
[0 0 5 4] r©, **F!li(-J;SSftil#^t^K« 



25 

1 J;5Sff««^©^#tt^ff»V5 » w-yg > 

5ii5i, 5 2, 5 3 it^mm 2 iD^mmmm^it 

510, 20, SgOftiOttt^fL, il5 4, 5 
5, 5 6tt^K^l(-*51t5Sff««^©llHl, 2 0, 
3 UtroaaroWttSr^-r. Hlfefll 2 ©Sff ttHft£fc*5 lt 

i m&mmmmz&ftzm&otti&i-z t©± »> t^n 
i <D&mmm&&m^m&£ u t, «ta«piiii«riw«i- 

[0 0 5 5] 0 7tp©«£^l 7-1-1 7-M£BfeV^c 

m^. r©^Hj©^ftf!i3^o^rm53-rSo Mst 
ttMiMoft^Wfffiiitiir, «wt 

-Aof-^ii^tse i-i~6 l-Mt-tMMf 
fls£*i, itif>ifftf-?ii-i'>iS'-!i^6 2-i 

-6 2-M-e7U-A^©^^k^?IJ©M^|llff^^X. 
til, iftk^-^t-i <9 , i£ff ttl 6 3 - 1 - 6 3 -M"C 
t8ai8E;aS£lPi$*l, J^ff 7>ftANS-l -ANS-N 
t-#t#&£;ft3o Sff 7yftANR-l ~ANR-MHS 
AISilfcfl|-f-H:MIMO»flS«6 4fcAAS*b, *©«? 

5 - M-?*:tl?tlftm>X.i>m £ tl, «fg66-l~6 

6- M-em^"$^5o C*l,fj«-^6 6-1 -6 6-MJ; 
t)#±««W^tt'r>'^-y-^6 7-1 -6 
WJlWi>X.?,tltMIMOW6 4lcAA^n, 
^©Sff ft -^©^ffc^St^iJffl £fr3 0 

[0 0 5 6] MIMO^ft§£6 4IJ12 3(C^-TJ; b \C 
& T l/*r -T A N R - 1 - A N R - N t *b © Sftfi^-f" > 7° 
/HW±*1~*M* hy^Affl^«6 8-1 -6 8-M 

uatS6 6-i-e e-M^to^gft/iw^^-y 

I SO (Soft-Input Soft-Output) H^H?s6 6-m(;:T 
±©«ia^»MUfV\ WW^6 6-1~6 6- 

l2oiofLfc«^B 1 h y-Affl^jk^e s- 
i-6 8-M©^a^n^(-tt5ri^-et5c 

[0 0 5 7] Hig^ 3 fi, h y - Affl^^fi^ia 
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*r«*frv\ D ©±fsf(i^0©^at^*51t5 

* h y-Affl^^©m^±sfittfijffl$^5o ^*<9 

H l 0 fcS-j-J: 5 t|g l -SIM* h y -Affl«fsfls$ 7 l 
-1-7 1 -Mfcjol^-C, nxfctt^a^)II^fV\ Im 

* h y - Affl^ts 71-1 fcjiSB i -Sim- i ^ b y 

-Affl^k* 7 1 - 1 - 7 1 -m- 1 J; *) (D±mmt) 
i, 8[#S6 6-m~6 6-MJ;i9©jE:««ffl^tasA^ 

^T#&ftfc±««ti;*;£?Bm+ 1 * b y-Affl^k 

3s7 l-m+im^ffll^;K-, J^Jt^bl^ 

±ffitt^fflv^-r^a^f 5 r t 5fc»m, #tt£- 
iW^ r©HBJ©^FHi-o^-rH l ii^m^xm 

w-t&o mmm^mmmi <Dmm-?^**? y rm 
t Lrmmm<DmmmM*ft v\ #x b y -a^^ 

t*3^-r^k^^pj5|5^^-^©^#lt-r5#l?gi L 
raSt*5;tn^iS^f;W*«lM1-5fc*!'#iIc©*^ 'J 

? ^Mmte ¥fcts^xmn tsixxv^mmxbz, 
^=¥^y r^s;i4, -o©^ y r^ffl^-cfTS-e^t: 
ff 5»#i l!CS»I©jli£ifc£»©f-7 , >-Y y r m 
ftttxm j erfcm*ftbZ.bKi.*), & J t-7**rVTK& 

K^^-r y r ©fc/mfflv^ ^ t i^j; t» ma-rs - 1 ^ 

OFDM (Orthogonal Frequency Divis 
ion Multiplexing) t Pf «ixSiSSii7- y 

[0058] nil Sr#ffiutv^fjf-f y 
v^Tfiif!-ra <J s&ffi Mtti.fR i -fM^ b y -M^m^ 

T, f»7 3-l-7 3-Mia!)BPSKtQPSK 
*t'©'^PSrtfv\ ^©^-eii?iJ-afe?iM*^7 4-1 

- 7 4 -Mic j; d \Kwmmzn^\ mz.^fl'f-** y 
rft^tf5 0 ^mturfto-faiu, 01 1 

T?f4ftjS)S?7— y^-» (Inverse Fast Fourier Trans 
form) ^7 5-1 - 7 5-M£rfflV\ ^-afe?lj ffl^J r' k l^M 

mmy-'j ^mzft^x-?^*v y r^n-^x^ 
5„ hi 1 -ett»&$^-rv^^, Mi7-!)iii^ 

[0 0 5 9] gff«T?f4, #7yrtANR-l-AN 
flr#Sr#f-5 r *+yr^iofll#H:Si-. 01 1T?H:v 
fS^-(-M-r-#Si LTK^-y^* (Fast Fouri 
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er Transform) fs 7 6 - 1 ~ 7 6 -N Sr/lVT SiS 
7 - U i« 7 6 - 1 ~ 7 6 -Nf - U i» J 

Drr"itMIMOfK7 7-l-7 7-Jti>), * 

$ <9 7yrtANR-l ~ANR-N±D#?,}xfc^t/ 
df-vUTf j(j =1, -, J) ttll-WMIMOtfSflsS 
7 7-j t-A^tlSo 

[0 0 6 0] #MIMOfB7 7-j ©«$i4H 1 2 

t^-rsff««^i fts„ m—*?**r y r f j©#t 

^xf-^oSffff^f-^^Hfi^ffi^ ll-l-ll- 
NfcjMjSftS. iJitjBjBl-SKMxhy-^k 
^7 9-l-7 9-MHA7JJH5 0 fif81-l~81- 
M(^mT?ai^Safe?lJii:?lJ^m^7 8 - 1 ~ 7 8 -M i.'O (D 

y-Affl*fl5S7 9-mfctt»l~»m-l*h U — i» 
ffllB79-l-79-m-10^MIi x Jfrf 8 

l-m~8 1-M£ 19 ©xftttasA^ft-c, ^b^atc 
ffl^feixS. ^^©^MSfWfiEli , Eli 

[0061] ^(^^fci 51-, ac^J3E»-ra r t ic 

h y-Affl«j!ft«7 9-M©flfcBf4B2fciSLfc* 
^mssv^t, SH*S*rl«©*#JtLTJBlE««r#MIL 
4V^§#©*J*i45. #MIMO«7 7-l~7 

7-j©#jRi~siM* ^y-Am;es^iffl7JJi ; e*^ 
^^^lg 1 -jsm^j - mmm^ 7 s - 1 - 7 s -m-?* 
^^%m<D±mmiit znx, cti&m-HMii 
m±BttiLmfitt.zii*iiw&&i 7-1-1 7-M^m® 

ZtlZtmmi 2*W«B*8 1-1-8 l-M^#t^$ 
[006 2]^ b y-i»ffl^fk^7 9-mttSI*jR«r 

t^t-** y rmt LH^m^tt^fsr^i- 

Q-litSi, S: (35) o^tf?iJM*©fc*(cM* 
*tt (nxq) 3 ©tf— ^--e«lPL-CL4 5©t-*fL 
T, *lfi^4Tftt^l2S7 9-mtt«iEi(ESr#*LftV^ 

tittLtl/Q 3 tlit5ri#f#5 s fc*5, ift 
3i^-y ^.^*^7 6-n (n = l, -, N) ©ft <0 fc 

» <om «*3si6s \mm.wmm^ £jh v> -c 1 

±V\ o£ <0^is r>-xf-ANR-n©Sffff-^*tJS 
r©38?ll©*lfeW5fco^Tia?IH-S. HI lf^Lfc 

y t®m 1 Mo^^Wf-^-fS^fc^T, 
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»4ftt, MIMO¥B7 7-j OifSBIl 2 
§£7 7-j [C&tfS;* b y-Affl^^7 9-1-7 9- 

©ffi««^t-rs„ ^©«^t-j;«9«-^>y-A/i^ft 
^7 9-m(Dmm^w\mm 5sim«. ufc^o 

t\ Hi 2^Lfc»$iJfc8L-r, «tan:^S^M 
r©«K©*16^6^v^THl 4M11 5«r#ffiiL 

■OftK-rs. ii4Mii5i^t-7/^t!)ri 

MIMO^^Wf^K^O^Sffff^tt, 01 li-^ 

Lfc-^vi^*^ y riM 1 MOft^^flteSl;:, 0 

2 2H$LfcMft^Difciitfcot 1 *fJS-TSSP 
#t-m-#HBft-l§-«rtttt-rifc3„ 814 1^1^, ^1 

ff£*xS1##fi. #f&l^-^6 l-miz£<9^h^h 
ft-IH5#?Tfr*K -fy^!)^6 2-miaot71/ 

m -r* \m mm r > j- -r \z *s it 3 # £ wi * im l -c v > 

~ANS-M^fflV>Tff^Kj§^ ; ff oWt^n., 
tANS-1 - AN S-Mt£*fJ5-f 3ft-IHIS£ffiia LTfi 1 

i-fetts^fMiiT?©^!*, 01 ld^Lfc&atii^ 

[0063] gftaras, 0 1 5 t^-rj; 5 i-> 
y r#*fc£iftfcflr#fr**-*' y r ^ t ©ft-^i-M 

L~C, 0 1 0ic^Lfcfi^©MI MO¥«7 7- j 
fflv^tfll#4MiSr?TV\ ffi?B-itt?IHEi(HB7 8-mmJ; 

fcftS. *#«6 8-miLtttSISOiO«f«t 

tr, ^y^-y^6 7-m^UMIMO«7 
7-1-7 7-J (^m-To r©J;5^, ff^Ifia^-© 

[0 0 6 4] ai5(OTLfc±5 [C-^^^-V !J Tft1" 
SCticJ;^, f y-Affl^^(^*5lt5^«^ 

mm-tzz. t^-e#5„ Af*wt-tt, ^f^rturi 

^a®v>#^m^Q- 1 t-rst, s (35) ©Mf 
?ij«*©fc&(^«-^ h y-Affl^ft^©^**tt (nx 

Q) 3 (Dir- ^-t?it7JnLTLt 5©(-*fLT, H»M 

3 ©^--^-T?©it7jn(-»x.sr.i^-ets„ 0^19, 
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Q 3 it 
&MM7 

m 1 5 \zm Ltc^mm e ^m-fsm^mnrnm^^ 

T, MIMOfB7 7-jfflii&l2 3I^Lfci 

i^is h»m 6 (Dfife t RMt l-c, ami - g-r a n# m 

0 2 0M12 lt$LfcV-BLASTfe©Mf 

flr#^*rssu§i< ri^-etftv^fcfcm, Sbmiftt) 

^4tTU5. :tiliitieiiWJi5. v-bl 
ft ff-em^^ e # e ft 5 ft* v > r V - B L A S T 

b " i(k)= [b i(k + Q- 1 )■ 

*rf£ "9 , b 2 ( k ) ~ b r i (k ) i^o^T fcWVi' 

#Vw<^ Y>v b " 2 00~ b " m-i(k)Srf^t), -ftfe 

m -i ( k ) £ ©am J; "9 TSf^Sr^-T 5. 

[0 0 6 6] JUl&TSWHfrfcSWt"** r (k) 
^bSSUIIt, S^<* Yfls r ' m (k) (S 
4) „ SfcHi(k)-H,(k)J;!)7^mw 
m (k)^it*L (S5) , :c7^^»w,(k)t 

r ' m (k) »f7^^16X;'7^^ 
ML (S6) , *©7^^^«iaft*z m (k)^*l|S 
^1 7-m-eW£U ImXhiJ-Af^^^lS 
(S7)„ :o|mXFy^^ffl^^|16tS 

-rj; 5t-a^9 l-m-^iatifnEa^-rs (ss), 

VS. ftfcmflSMfcfcofc^fclPI-* (S9) , M(C&o 
-0'>fcfr*Uim£ + 1 3(cM<9&©* h 

y-A«ssftS©«yin:»s (sio). ^f^/sg-? 

m = MT?fe^ti\ »l~JBM^I-y-A»flS«l 2-1 

~i 2-M^*5its i @s©^«ia^^T-t-5 0 s-r 
5 r © i in s ©f^^a»ig»M i i^*5v ±m$. t 

anh U m (k)) ©ft<9 t-fEt-&3£*lfcW£ftjg:b 1I1 
(k)©^^ffll^fct©-efel9 , M4t$tV-BLA 

[0067] 2@siy.m©^'f^a(-*5v^-rtt < frig© 
*fls«m, »t)inEtt#s^fcaA («#»*) b' 

i(k)~b' M (k)£, S?9 2-1~9 2-M±D^F 
y-A»flS«l 2-1-1 ^©Ti^fiSc 
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i^T fcSS <9 effi©^#(- J; 5 Wtt^biOsa^ tLS 5 „ 

&Lft 5 :i £ lt, i0g©tM^aatt0 2ot^L. 

fcfctffcj; 5frv\ 2@Siy.P*©^^att0l 6 

ft3§l 2 -mi LXti±&m<Dmm&&&b LM2 

[0 0 6 5] •) 0!lxJi0 l 7 l^-TJ; 5 {SitSS 

10 ~F^ M (k)£*£L (SI) , mSrl^fflft-TS 
(S 2) „ fgm* b IJ -ASSESS 1 2-m^*3^r < HE 
{^lHIB©^ls«yiSr»LfcSSl~ISm- 1* h y-A 

2-1-1 2-m-l±50«g*l 7-1-1 
7-m- 1 ©tH^x-^ b i(k)~b m -i(k) 

/vx L-^*v^tf?iJt^i(k)-F^ m -i(k)^fflv^-r, 

Sat"** 1»/Hr (k) >f©Il~Im-lXfy-A 
©ff^iJ;5T$^&< fl«M«14t*4it 
6 (S3) „ S (6) Wlltanh Ui(k)) 
©fttU-bi(k)«rffl^T b i(k)£m-T5 z F^V>' 
20 sj^w<^ 

b i(k)-bi(k-Q+ 1 )] T (36) 

i(k)~H: m (k)&fflv^ > y y-A©^$#&£ 
(s i i) . ^©*a-*m^ h y-A<stft«i 2 

-m(-*5V>T(4^F^^ t> " i(k)~ To " 
m -l(k), b ' m +i(k)~ b " M (k)ttS; (3 6) © 
gs^ r 1 j Sr#JiSLfctS*i«t*»*.fct>©-e*5*, 
b ' m (k ) as; (36) ©^* r 1 j tr r m j £ l, 

" m (k)©^*t-f4fi-r5S^^^n 

^ tLfct©-e&5 0 

[0 0 6 8] «-^m^ h y-A^fb^l 2-mfcj3V^ 
t, H-SfS^iJ' h/H: (k) ^b^JSi-ST*^ 
Sr»*L-C**bW3S^^ h/u- r ' m (k)^#&5 

(S 1 2) . «-^m^ HI^fKl 2-m©»^ 
-f^^ 1 6-e7^^^#^w m (k)^ff*-r5 (SI 
3) „ r©7^^^#^w m (k)ti^K^K-*51t5 
S (33) f07^^#M0tanh (l m (k) 
/2) , (m=l, -, n) ©ft»9t;i#J@©m^ft* 
b' m (k)^fflv^Tlf*-r^«J;V\ t07^?fl« 
40 w m (k)lcj; *9^-<^ r ' m ( k ) £7 ^ A-^S 
-T5 (SI 4) „ ^©=§-7^^^^aft*z m (k)^^ 
tl^WJf^l 7-m-eflJSL (S 1 5) , ^©flJSft 
S*t^9 l-m«WW5inEftt5 (SI 

6) „ 

[0 0 6 9] r©^!^r^HI©m-9•ft*b , i(k)~b' M (k) 
Srfflv^fc*fl2ffla*0f)eilIjRj!:fto-CV^ftrt*v« (s l 

7) , xfy/si i\z.m*>, mmmm^^x^ti 

tf, «IT-r5o &(±^-<fcJ; 5fcr©SBS0!8T?tt:2ia 

SK^o^ft^a^fev^rtifriiiomtJtTiEm^-ft*^ 

5» fflv\ M»TLfc^ b y-A©fiJSft*^^c©^ b 
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